Abstract: Interionic interactions of ternary mixtures of sucrose in aqueous alkali metal halides namely, sodium chloride (NaCl), potassium chloride (KCl), potassium bromide (KBr) and potassium iodide (KI) at 303.15, 308.15 and 313.15K was studied in this paper. For this, binary solvent mixture (water+ metal halides) was prepared at two molalities (m) (Say, at 0.0 m and 0.3 m). The related and relevant parameters correlated to the present study such as adiabatic compressibility (), apparent molal compressibility ( K ), apparent molal volume ( V ), limiting apparent molal compressibility ( 
Introduction
Studies on interactions of non ionic with ionic ones in different solvents are significant for investigating their physicochemical behavior. The study of carbohydrates and saccharides has become a subject of increasing interest because of the multidimensional, physical, biomedical and industrially useful properties of these ompounds 1, 2 . In addition to their importance in the food, pharmaceuticals and chemical industries, simple saccharides have received considerable attention for their ability to protect biological macromolecules 3 . Most of the biochemical processes occur in aqueous solutions. So, studies on thermodynamic properties of biological molecules in aqueous solutions are important. Studies involving density and ultrasonic velocity measurements are important for elucidation of ion-solvent, ion-ion and solute-solvent interactions in the mixed solvent systems. Polyhydroxy compounds are popular stabilizing agents 4 for the native state of proteins and enzymes. Stabilizing of polyols and saccharides are related to the number of configuration of the
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Chem Sci Trans., 2014, 3(1), 323-331 hydroxyl groups 5 . In fact, there are extensive volumetric and thermodynamic property studies of saccharides in aqueous solutions 6 , but very few have been conducted in aqueous halide solutions 7, 8 . Multi component liquid mixtures are of great practical importance in many industrial processes. They provide a wide choice of solutions with appropriate compositions and properties.
The aim of the present investigation is to study the molecular interionic interactions of sucrose in aqueous NaCl, KCl, KBr and KI at varying temperatures, say, at 303.15, 308.15 and 313.15 K.
Experimental
The chemicals used in this present study were procured from the reputed companies with minimum assay of 99.9%. Freshly prepared doubly distilled water (sp. conductivity -10 -6 ohm -1 cm -1
) was used for preparing a fixed binary solvent mixture of (water + metal halides) at varying molalities, (say at 0.0 m and 0.3 m) at 303.15, 308.15 and 313.15K. Aqueous solutions were prepared and used on the day they were prepared. The required quantity of binary mixture [water + alkali metal halides] was prepared under different molalties (m) (say at 0.0 m and 0.3 m.) In the present study, the alkali metal halides such as sodium chloride (NaCl), potassium chloride (KCl), potassium bromide (KBr) and potassium iodide (KI) were taken. The required quantity of sucrose was added as a solute in the binary mixture under different molalities. The chemicals were weighed in an electronic digital balance (SHIMADZU AX-200, Japan Make) with a least count of 0.0001 g. The density was determined using a specific gravity bottle by relative measurement method with an accuracy of ±0.01 kgm -3 . An Ostwald's viscometer of 10 mL capacity was used for the viscosity measurement. Efflux time was determined using a digital chronometer within ±0.01s. An ultrasonic interferometer having the fixed frequency of 2MHz (Mittal Enterprises, New Delhi-Model: F-81) with an overall accuracy of 2 ms -1 has been used for velocity measurement. An electronically digital operated constant temperature bath (RAAGA Industries, Chennai) has been used to circulate water through the double walled measuring cell made up of steel containing the experimental solution at desired temperature, whose accuracy is maintained at ± 0.1 K.
Results and Discussion
The observed experimental values of density (ρ), viscosity (η) and ultrasonic velocity (U) of sucrose in aqueous alkali metal halides such as sodium chloride, potassium chloride, potassium bromide and potassium iodide at varying molalities, say (at 0.0 m and 0.3 m) at a varying temperatures of 303.15, 308.15 and 313.15 K are given in Table 1 . The relevant parameters such as adiabatic compressibility (), apparent molal compressibility ( K ), apparent molal volume ( V ), limiting apparent molal compressibility ( In the present study, the values of density, viscosity and ultrasonic velocity (Table 1 ) of mixture increases with increase of molal concentration of sucrose (solute) in all the four liquid systems studies and however it all decreases with the rise of temperature, except in ultrasonic velocity, where it exhibits an increasing trend in all the liquid systems. The increasing trend of ultrasonic velocity in the mixtures suggests a moderate strong nature in which the solutes (sucrose) tend to attract the solvent (aqueous alkali metal halides) molecules. Further, the increasing values of density with the increasing molal concentration of sucrose suggesting an enhanced molecular association in the solution. i.e., existence of molecular interaction between solute (sucrose) and solvent (aqueous alkali metal halides) molecules. The above causes may also be attributed for an increase in ultrasonic velocity in the mixtures. Such an increase in ultrasonic velocity in these solutions may be attributed to the cohesion brought about the ionic hydration. Incidentally, the density (ρ) which is a measure of solute-solvent interactions. Increase of density with concentration indicates the increase in solute-solvent interactions, whereas the decrease in density indicates the lesser magnitude of solute-solvent interactions. Increase in density with concentration is due to the shrinkage in the volume which in turn is due to the presence of solute molecules. In other words, an increase in density may be interpreted to the structure-maker in the solution due to the added solute and the decrease in density with concentration indicates structure-breaker trend 9 . Sucrose is formed by the elimination of a molecule of water from the combination of glysidic hydroxyl groups of α-D-glucose. The fructose possess the furonose ring structure in the sucrose molecules, the pyranose ring is the dominant and more stable form in the free ketohexose. For sucrose formation both the carbonyl groups of individual units are involved in the formation of glycosidic bond. Sucrose contains no active group or so it does not exist mutarotation. This is a non-reducing sugar. Free Carbonyl is the active group of lactose and hemiacetyl is an active group of maltose 10 .
From the Table 2 , it is found that the values adiabatic compressibility (β) seem decreases with increasing molality of sucrose in aqueous alkali metal halides as well as rise of temperature. The increasing electrostrictive compression of water around the molecules may result in decrease in the compressibility of the solution. The decrease in compressibility is attributed to the influence of the electrostatic field of ions (Na+, Cl -, Br -, I -etc.,) on the surrounding solvent molecules. The compressibility appears to be decreasing with decrease in hydrogen bond strength formed by solute and solvent molecules, in which the structural arrangement in the neighborhood of consistent solutes is considerably affected 11 . The following observations are noticed from Table 2 on apparent molal compressibility (φ K ) and apparent molal volume (φ V ) of sucrose in aqueous alkali metal halides such as sodium chloride, potassium chloride, potassium bromide and potassium iodide at 303.15, 308.15 and 313.15 K.
The values of the (φ K ) and (φ V ) are all negative over the entire molality range of sucrose. It is interesting to note that, i
The values of apparent molal compressibility (φ K ) are found to be increased with increasing molality (m) of solute (sucrose). ii It is interesting to note that the values of apparent molal volume (φ V ) exhibits the same trend as that of the apparent molal compressibility (φ K ) iii The larger values of apparent molal volume (φ V ) are found in System-IV, indicating that molecular association is more pronounced in that system. All the above observations clearly suggest that the solute-solvent interaction takes place in all the liquid systems. The negative values of apparent molal compressibility indicates the hydrophilic interactions occurring in these systems. Since, more number of water molecules is available at lower concentration of metal halides, the chances for the penetration of solute molecules in the solvent molecules are highly favoured 12 .
The increasing values of apparent molal compressibility and molal volume with increasing of solute content in aqueous medium reveal the strengthening of the solute-solvent interaction and the decreasing values of both parameters with rise of temperature clearly indicates that the solute-solvent interactions get weakened with addition of solutes. The evaluated parameter limiting apparent molal compressibility ( k 0 ) which provide information's regarding the ion-solvent interactions and its related constant (S K ) of the ion-ion interactions in the solution, which are systematically tabulated in Table 3 The perusal of Table 3 represents the values of limiting apparent molal volume  V 0 exhibiting negative values in all the four liquid systems and the same decrease with increase of temperature. This may enhance the electrostriction of water molecules resulting in increase of  V 0 is due to enhancement in electrostriction of water molecules which will lead to decreasing of interaction in the solution 13 . Hence, such a decreasing values of  V 0 in aqueous alkali metal halides solution clearly indicate the strengthening of ion-solvent interaction. Also, it is interesting to note that these values are higher in System-IV, comparing the other systems indicating a strong ion-solvent interactions in this system. It is evident from the Table 3 . The overlap of ions of co-solute and saccharide (sucrose) comes into play because of the interaction between (i) ions of co-solutes (Nacl/KCl/KBr/KI) and hydrophilic, -OH sites of saccharides molecules and (ii) ions of co-solutes and the hydrophobic parts/groups of the saccharides molecules.
The former type of interactions contributes positively and latter type of interactions contribute negatively to ∆φ V 0 values. Therefore, it is obvious from this study, (Figure 1 ) the positive ∆φ V 0 values obtained for the studied saccharides (sucrose) over the entire range of composition range of co-solutes indicate the hydrophilic-ionic interactions are dominating over the hydrophobic-ionic interactions 15 . Also, it is noticed that this parameter found more influenced in System-IV, comparing any other systems. Viscosity is another important parameter in understanding the structure as well as molecular interactions occurring in the solutions. One can notice from Table 1 , that the values of viscosity increases with increase in solute concentration in all the systems. This increasing trend indicates the existence of molecular interactions occurring in these systems. In order to shed more light on this, the role of viscosity B-coefficient has also been obtained. From Table 4 , it is observed that the values of A are negative in all the four liquid systems studied and increase with elevation of temperature. Since A is a measure of ionic interaction and its increasing trend with elevation of temperature suggesting that ion-ion interactions get weakened. The behaviour of B-coefficient in all the liquid systems, where it exhibits a positive deviations suggests the existence of strong solute-solvent interaction. The present study closely observes that the elevation of temperature in the present investigation make the weakening of interionic interactions in the solution, on further addition of solute. Hence, it can be concluded that the molecular interactions between the four ternary liquid systems in the present investigation are of the order: System-IV > System-III > System-II > System I.
Conclusion
The present investigation has been summarized as the partial transfer volume studies predict that ion-ion interactions are prevailing in the present system of mixtures thereby establishing that strong solute-co-solute interactions are existing in the present study. It also observes that a strong solute-solvent, solute-solute-ion-ion, ion-solvent, solute-co-solute etc., interactions in the present systems of liquid mixtures. However, the elevation of temperature make the interioic interactions get weakened on further addition of solute. The molecular interactions among the four liquid systems from this study are of the order: System-IV > System-III > System-II > System-I.
